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Abstract
Background and Objective Icosapent ethyl is a high-
purity prescription form of eicosapentaenoic acid ethyl
ester approved as an adjunct to diet to reduce triglyceride
levels in adult patients with triglyceride levels C500 mg/
dL (C5.65 mmol/L). The objective of this open-label,
drug–drug interaction study was to examine the effects of
icosapent ethyl on the steady-state pharmacokinetics of
atorvastatin, a commonly prescribed medication in patients
with dyslipidaemia.
Methods Thirty healthy subjects received atorvastatin
80 mg/day on days 1–7, icosapent ethyl 4 g/day on days
8–28, and co-administration on days 29–35. Primary end-
points were natural log-transformed maximum plasma
concentration (Cmax) and area under the concentration-
versus-time curve from 0 to 24 h (AUC0–24) for atorva-
statin, 2-hydroxyatorvastatin, and 4-hydroxyatorvastatin
with and without icosapent ethyl.
Results Of the 30 subjects enrolled, 26 completed the
study. The 90 % confidence intervals for Cmax and
AUC0–24 least-squares geometric mean ratios were within
the 0.80–1.25 bounds. Concomitant administration of
icosapent ethyl and atorvastatin was safe and well tolerated
and icosapent ethyl did not significantly change the steady
state Cmax and AUC0–24 of atorvastatin, 2-hydroxyator-
vastatin, or 4-hydroxyatorvastatin.
Conclusions At steady-state concentrations, icosapent
ethyl did not have an effect on the pharmacokinetics of
atorvastatin. Co-administration of icosapent ethyl and ator-
vastatin was safe and well tolerated in healthy adult subjects.
Key Points
Patients receiving icosapent ethyl may also be
receiving statin therapy including atorvastatin.
Icosapent ethyl 4 g/day did not have an effect on the
pharmacokinetics of atorvastatin.
Co-administration of icosapent ethyl and atorvastatin
was safe and well tolerated.
1 Introduction
With the high prevalence of obesity and hypercholeste-
rolaemia in adults in the United States, elevated serum
triglycerides is common, although only a small percentage
receive specific treatment [1]. In the clinical management
of patients with dyslipidaemia, 3-hydroxy-3-methylglut-
aryl coenzyme A reductase inhibitors (statins) are often
used and are highly effective for reducing serum choles-
terol, especially in low-density lipoproteins, a major risk
factor for atherosclerotic cardiovascular disease and
the primary target of therapy [2, 3]. However, because
statins have only modest triglyceride-lowering effects
(10–30 %), hypertriglyceridaemia often persists in these
individuals [4]. Additional treatment options to lower
persistent triglyceride elevation include lifestyle inter-
vention, fibrates, niacin, ezetimibe, and omega-3 fatty
acids [5].
Icosapent ethyl (Vascepa [formerly AMR101]; Amarin
Pharma Inc., Bedminster, NJ, USA) is a high-purity pre-
scription form of the omega-3 fatty acid eicosapentaenoic
acid (EPA) ethyl ester approved by the United States Food
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and Drug Administration (FDA) as an adjunct to diet to
reduce triglyceride levels in adults with severe (C500 mg/
dL [C5.65 mmol/L]) hypertriglyceridaemia [6]. Icosapent
ethyl has been studied in individuals with very high serum
triglyceride levels (C500 mg/dL [C5.65 mmol/L] and
B2,000 mg/dL [B22.60 mmo/L]) [7] and, more recently,
in statin-treated patients with residual high triglycerides
(C200 mg/dL [C2.26 mmol/L] and \500 mg/dL
[\5.65 mmol/L]) despite having well controlled low-den-
sity lipoprotein cholesterol ([LDL-C] C40 mg/dL
[C1.04 mmol/L] and\100 mg/dL [\2.59 mmol/L]) [8]. In
both of these studies, icosapent ethyl at the approved dose
of 4 g/day significantly reduced triglyceride levels and
improved other lipid parameters without significantly
increasing LDL-C levels [7, 8]. Furthermore, in the study
in statin-treated patients, icosapent ethyl 4 g/day signifi-
cantly decreased LDL-C by 6.2 % [8].
Following oral administration of icosapent ethyl, the
active metabolite (EPA) is cleared slowly and is exten-
sively distributed, with steady state for total (includes
unesterified EPA and EPA incorporated in phospholipids,
triglycerides, and cholesteryl esters) and unesterified
plasma EPA reached by day 28 [9]. EPA is mostly
metabolized by b-oxidation; but while EPA is also known
to be metabolized by cyclooxygenases, lipoxygenases, and
cytochrome P450 (CYP) enzymes, CYP-mediated metab-
olism is a minor pathway of elimination [6, 10]. Conse-
quently, EPA is not expected to exhibit clinically
significant drug–drug interactions due to interference with
CYP-mediated metabolism of statins. However, the present
study was conducted because it was expected that icosa-
pent ethyl would often be co-administered with statins such
as atorvastatin.
This study was conducted in healthy adults to examine
the effect of icosapent ethyl on steady-state plasma
pharmacokinetics of oral atorvastatin, a commonly pre-
scribed statin therapy and a substrate of CYP3A4, and the
potential for drug–drug interaction when administered
concomitantly.
2 Study Subjects and Methods
2.1 Study Population
Healthy nonsmoking men and women aged 19–55 years
were eligible to participate if they had a body mass index
[18 and B35 kg/m2 and were in good health as deter-
mined by medical history, medical examination, and nor-
mal test results for serum biochemistry, haematology, and
urinalysis at screening. Women who were pregnant, nurs-
ing, or planning a pregnancy were excluded; female sub-
jects of childbearing potential were required to use an
acceptable method of birth control. Individuals with known
hypersensitivity to statins or other lipid-regulating agents
were ineligible. All medications or dietary supplements
with known or potential lipid-altering effects (including
statins, niacin [200 mg/day, fibrates, ezetimibe, bile acid
sequestrants, or medications, supplements or foods enri-
ched with omega-3 fatty acids) were prohibited within
4 weeks prior to the first dose of study medication and until
after the last pharmacokinetic sample collection. Subjects
were required to discontinue any medications or substances
known to be inhibitors or inducers of CYP3A4 at least
2 weeks prior to the first dose of study drug, as well as the
consumption of fish or foods fortified with EPA and/or
docosahexaenoic acid (DHA) at least 1 week prior to the
first dose. Use of any medication or dietary supplement that
may change serum lipid fractions or triglyceride levels was
disallowed.
2.2 Study Design
This drug–drug interaction study used an open-label
crossover design to evaluate atorvastatin pharmacokinetics
at steady state when given alone or with concomitant
icosapent ethyl under fasting conditions. The study proto-
col was approved by an institutional review board (Integ-
Review Ethics Review Board, Austin, TX, USA) and was
conducted between 9 May 2011 and 24 June 2011 at
Frontage Clinical Services (a wholly-owned subsidiary of
Frontage Laboratories, Inc.), Hackensack, NJ, USA. The
study complied with the ethical principles of Good Clinical
Practice and in accordance with the Declaration of Hel-
sinki. All subjects provided written informed consent prior
to study entry.
Eligibility assessments and clinical laboratory testing
were performed within a 28-day screening period. Sub-
jects were housed in the study unit on day 0 (night)
through day 1; day 6 (night) through day 8; day 28 (night)
through day 29; and day 34 (night) through day 36,
during which safety evaluations and pharmacokinetics
sampling were performed. Over the course of the 36-day
study period, drugs were either administered by study
personnel during planned site visits or self-administered
by subjects while away from the study site. Compliance
(calculated as actual daily dose/planned daily
dose 9 100) was evaluated at visits 3, 4, and 5 (days 6,
28, and 34) by reconciling the number of unused capsules
or tablets against entries in the subject diary and evalu-
ating discrepancies.
Subjects received once-daily oral doses of 80 mg ator-
vastatin (one tablet), given 1 h prior to the morning meal
on days 1–7 and 29–35. On days 8–35, subjects received
daily oral doses of 4 g icosapent ethyl (two 1-g liquid-filled
gelatin capsules taken twice daily, with or following the
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morning and evening meals). On days scheduled for
pharmacokinetic sampling, study medications were
administered after a minimum 10-h overnight fast. All
study drugs were taken with 240 mL water. The doses
selected for study were based on established pharmacoki-
netic profiles and represent the maximum recommended
clinical dose of atorvastatin and the FDA-approved daily
dose of icosapent ethyl capsules [6, 11]. Based on a half-
life of 14 h, atorvastatin was administered for 7 days at the
maximum recommended dose of 80 mg [11] in order to
reach maximal steady-state plasma concentrations of
atorvastatin and its metabolites. Based on a half-life of
89 h and 14 days needed to reach steady-state [9], icosa-
pent ethyl was administered for 28 days to ensure maximal
steady-state levels of EPA.
2.2.1 Sampling and Bioanalytical Methods
Blood samples (6 mL) for the determination of atorvastatin
and its metabolites 2-hydroxyatorvastatin and 4-hydroxy-
atorvastatin plasma concentrations were obtained on days 1
and 29 at time 0 (prior to dose, in fasting state) and on days
7 and 35 at 0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 9, 12, and 24 h after
the atorvastatin administration. The protocol did not
specify the collection of time 0 pre-dose samples on day 7
or day 35. In order to estimate area under the plasma
concentration-versus-time curve to the 24-h time point
(AUC0–24), it was assumed that after 7 days of dosing,
atorvastatin and its metabolites were at steady state; thus
the plasma concentration value at 24 h post-dose for each
day was used as the best approximation of time 0 values.
Venous blood samples for measurement of atorvastatin
and its metabolites were collected into prechilled glass
tubes containing dipotassium ethylenediaminetetraacetic
acid and centrifuged (refrigerated; 4–8 C) for 10 min at
2,000 g within 30 min after collection. Plasma samples
were divided into two aliquots of approximately 1.5 mL
each, transferred into polypropylene tubes, and stored at or
below -20 C until shipment on dry ice by overnight
courier to the bioanalytical laboratory (Frontage Labora-
tories, Inc., Malvern, PA, USA) for analysis. Plasma con-
centrations of atorvastatin, 2-hydroxyatorvastatin, and
4-hydroxyatorvastatin were measured using a validated
liquid chromatography/tandem mass spectrometry proce-
dure. Atorvastatin, its metabolites, and the internal stan-
dards were extracted from human plasma by liquid–liquid
extraction and separated by reversed-phase high-perfor-
mance liquid chromatography (HPLC) with a SynergiTM
Fusion-RP column (75 9 2 mm, 4 lm; Phenomenex,
Torrance, CA, USA) and Shimadzu HPLC pump and
autosampler (Shimadzu, Kyoto, Japan), with a flow rate of
0.8 mL/min at room temperature and elution times of 2.2,
2.0, and 1.4 min for atorvastatin, 2-hydroxyatorvastatin,
and 4-hydroxyatorvastatin, respectively. Mobile phase A
was 0.1 % formic acid in H2O and mobile phase B was
0.1 % formic acid and 2 mM ammonium formate in ace-
tonitrile:H2O (98:2, v/v). Atorvastatin-d5, 2-hydroxyator-
vastatin-d5, and 4-hydroxyatorvastatin-d5 were used as
internal standards and the reference standards were ator-
vastatin, 2-hydroxyatorvastatin, and 4-hydroxyatorvastatin.
Ions were monitored for atorvastatin at m/z 559.1–440.1; 2-
and 4-hydroxyatorvastatin at m/z 575.1–440.1; atorva-
statin-d5 at m/z 564.1–445.1, and 2- and 4-hydroxyator-
vastatin-d5 at m/z 580.1–445 in positive ionization mode
using the API4000TM mass spectrometer with TurboIon-
Spray electrospray ion source (AB Sciex, Framingham,
MA, USA) at 550 C and 3,500 V with N2. The dynamic
range was 0.2–100 ng/mL for atorvastatin and its metab-
olites, with a lower limit of quantitation of 0.2 ng/mL.
Interconversion between atorvastatin, 2-hydroxyatorvasta-
tin, and 4-hydroxyatorvastatin was B5 %. The assay
accuracy (mean determined concentration/nominal con-
centration) ranged from 97.0–104.0 % (intra-run) and from
97.5–103.3 % (inter-run). The assay precision (coefficient
of variation of the mean determined concentration) ranged
from 0.7–4.5 % (intra-run) and from 1.2–3.4 % (inter-run).
2.3 Statistical Methods and Pharmacokinetic
Evaluations
Pharmacokinetic parameters were derived by noncom-
partmental analysis using WinNonlin version 5.0.1 (Phar-
sight Corporation Inc., Mountain View, CA, USA). The
safety population included all subjects who received at
least one dose of study drug; the pharmacokinetics analysis
population included all subjects with primary pharmaco-
kinetic end-point parameters available from days 7, 8, 35,
and 36. The primary pharmacokinetic end-points for
determination of drug–drug interaction were natural log
(ln)-transformed AUC0–24 and maximum plasma concen-
tration (Cmax) for atorvastatin, 2-hydroxyatorvastatin, and
4-hydroxyatorvastatin when administered at steady state
either without or with icosapent ethyl (days 7 and 35,
respectively). Subjects who had the protocol-defined pri-
mary pharmacokinetic parameters available from both
pharmacokinetics days were included in statistical com-
parisons. A mixed effects analysis of variance model with
treatment as a fixed effect and subject as a random effect
was performed on natural ln-transformed AUC0–24 and
Cmax parameters. Ratios of least-squares geometric means
(LSGM) and corresponding 90 % confidence intervals
(CIs) were calculated by exponentiation of the statistical
analyses on ln-transformed pharmacokinetic parameters for
the two treatments (atorvastatin with icosapent ethyl divi-
ded by atorvastatin without icosapent ethyl). A drug–drug
interaction was ruled out if the 90 % CIs were within the
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equivalence limits of 0.80–1.25 [12, 13]. Atorvastatin
alone was the reference treatment for statistical compari-
sons. AUC0–24 was calculated by the linear trapezoidal
rule.
Secondary pharmacokinetic end-points included time of
observed Cmax (tmax) for atorvastatin, 2-hydroxyatorvasta-
tin, and 4-hydroxyatorvastatin when administered at steady
state either without or with icosapent ethyl (days 7 and 35,
respectively). Time of observed Cmax was analysed without
log-transformation using the nonparametric Wilcoxon
signed-rank test. The corresponding 95 % CIs for the dif-
ference in medians was reported using the Walsh average
and appropriate quantile of the Wilcoxon signed-rank test
statistic. A significant difference for the treatment com-
parison was concluded if the P value was \0.05.
2.4 Safety Assessment
Safety evaluations consisted of monitoring adverse events
(AEs; at each study visit after screening), clinical laboratory
measurements (chemistry, haematology, and urinalysis; at
screening, day 1, day 36, and end of treatment), vital signs
(systolic and diastolic blood pressure, heart rate, respiratory
rate, and oral body temperature; at each study visit), and
physical examination findings (at screening, day 0, day 36,
and end of treatment). AEs that occurred during days 1–7
prior to administration of icosapent ethyl were considered
emergent to atorvastatin; all other AEs thereafter were
considered emergent to administration of atorvastatin ?
icosapent ethyl. AEs would be considered serious if they
resulted in death, were considered to be life-threatening,
required hospitalization or prolongation of existing hospi-
talization, resulted in disability/incapacity, were considered
to be a congenital anomaly/birth defect, or were considered
to be an otherwise important medical event.
3 Results
3.1 Study Subjects
Thirty healthy adults were enrolled in the study (Table 1),
all of whom were exposed to at least one dose of study drug
and included in the safety analysis population. All subjects
received at least one dose of atorvastatin and 29 subjects
received at least one dose of icosapent ethyl. A total of 26
(87 %) subjects completed the study and were included in
the pharmacokinetic analysis population. Three subjects
withdrew consent and one had noncompliance with dosing
requirements. Median compliance for icosapent ethyl (days
8–35) based on capsule counts was 98.1 % and for ator-
vastatin (days 1–7, 29–35) it was 100.0 %.
3.2 Pharmacokinetic Parameters
Steady-state pharmacokinetic parameters for atorvastatin
and its metabolites were calculated based on individual
concentration-versus-time profiles obtained when subjects
had received seven consecutive daily doses of atorvastatin
(days 7 and 35). Mean plasma concentration-versus-time
curves for atorvastatin, 2-hydroxyatorvastatin, and 4-hy-
droxyatorvastatin were comparable for subjects adminis-
tered atorvastatin alone or with concomitant icosapent ethyl
(Fig. 1). Pharmacokinetic parameters were determined for
subjects who received atorvastatin and the co-administra-
tion of atorvastatin and icosapent ethyl (Table 2). Statistical
analysis indicated no significant effect on tmax for atorva-
statin (P = 0.127), 2-hydroxyatorvastatin (P = 0.372), and
4-hydroxyatorvastatin (P = 0.570) when atorvastatin was
administered without or with icosapent ethyl.
In the statistical comparisons for the primary analysis, the
90 % CI for the LSGM ratios for atorvastatin Cmax and
AUC0–24 were within the 0.80–1.25 bounds (Table 3).
Similar results were observed for 2-hydroxyatorvastatin and
4-hydroxyatorvastatin. Therefore, based upon the 90 % CI
for the primary and secondary comparisons, icosapent ethyl
dosed at 4 g/day at steady-state concentrations did not affect
the pharmacokinetics of the CYP3A4 substrate atorvastatin.
3.3 Safety
Ten subjects (33 %) reported at least one AE during the
study. Six (20.0 %) subjects reported at least one
Table 1 Subject demographics and baseline characteristics (safety
population)
Characteristic Value
Number of subjects 30





Hispanic or Latino 20 (66.7)
Race, n (%)
White 15 (50.0)
Black/African American 11 (36.7)
Other 3 (10.0)
American Indian/Alaskan Native 1 (3.3)
Weight, kg 79.3 (12.8)
Body mass index, kg/m2 27.6 (3.5)
Values are expressed as mean ± SD unless specified otherwise
SD standard deviation
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treatment-emergent AE (TEAE) during days 1–7 (atorva-
statin alone), and seven (24.1 %) subjects reported at least
one TEAE after day 7 (atorvastatin plus icosapent ethyl).
All TEAEs were mild or moderate in intensity. AEs that
occurred in two or more subjects were headache (two
subjects [6.7 %] with atorvastatin alone; three subjects
[10.3 %] with atorvastatin plus icosapent ethyl) and diz-
ziness (three subjects [10.3 %] with atorvastatin plus
icosapent ethyl). No subject prematurely discontinued
study treatment due to an AE and no serious AEs were
reported. There were no clinically significant changes in
laboratory test results, vital sign assessments, or physical
examination findings.
4 Discussion
The primary statistical comparisons, which utilized phar-
macokinetic parameters for atorvastatin and its metabolites
obtained at steady state for both study drugs, demonstrated
that oral administration of 4 g/day icosapent ethyl con-
comitantly with the highest recommended dose of atorva-
statin (80 mg/day) did not affect the pharmacokinetics of
atorvastatin, a substrate of CYP3A4. Cmax and AUC0–24 of
orally administered atorvastatin and its active metabolites
were similar without or with the addition of icosapent
ethyl. Both study medications were well tolerated, and no
trends toward increased AEs were observed with con-
comitant treatment in this group of healthy men and
women. The results of this study support icosapent ethyl as
a potential therapeutic option for adjunct therapy in ator-
vastatin-treated patients.
Atorvastatin is a commonly prescribed statin therapy in
patients with dyslipidaemia. Although this medication is
highly effective for reducing serum LDL-C, a substantial
proportion of statin-treated patients have persistent hyper-
triglyceridaemia and may require adjunctive therapy to
lower serum triglycerides [2, 14]. Niacin and fibrates can
lower serum triglyceride levels, but their use has been
limited by tolerability issues, including flushing, myopathy,
hepatotoxicity, and hyperglycaemia [4]. A formulation of
omega-3 acid ethyl esters, which contains both EPA and
DHA, is also approved in the United States for triglyceride
lowering in patients with very high serum triglyceride
levels [15]. A series of pharmacokinetic drug–drug inter-
action studies were conducted with this formulation and,
consistent with results of the current study, showed a lack
of pharmacokinetic drug–drug interaction with various
statins, including atorvastatin, in healthy adults [16–18].
The results observed in these studies were similar to find-
ings in the current study with icosapent ethyl.
Recent evidence suggests that formulations of EPA plus
DHA may raise LDL-C, which may complicate treatment
of patients with hypercholesterolaemia [19–21]. In con-
trast, icosapent ethyl is a high-purity form of EPA which
has been shown to lower triglycerides (without elevating
LDL-C) and other lipids at the approved dose of 4 g/day in
patients with residual high triglycerides despite optimal
statin therapy [8]. The lack of drug–drug interaction with
atorvastatin demonstrated in the present study adds to the
body of evidence supporting a potential adjunctive strategy
in this setting. An ongoing phase III study (REDUCE-IT)
Fig. 1 Mean (SD) plasma concentration-versus-time curves of
a atorvastatin, b 2-hydroxyatorvastatin, and c 4-hydroxyatorvastatin
following oral doses of atorvastatin 80 mg/day without and with
icosapent ethyl 4 g/day. Day 7 and 35 pre-dose samples were not
collected (per protocol); under the assumption that atorvastatin and its
metabolites were at steady state, plasma concentration data at 24 h
post-dose for each day was used as the best approximation of time 0
values. SD Standard deviation
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[22] is evaluating the effects of concomitant therapy with
icosapent ethyl and statins on cardiovascular outcomes in
statin-treated patients with hypertriglyceridaemia.
The results presented here for the CYP3A4 substrate
atorvastatin extend the findings to date that no clinically
significant pharmacokinetic drug–drug interactions have
been observed with the CYP2C19, CYP2C8 and CYP2C9
substrates omeprazole, rosiglitazone, and warfarin [6, 23,
24].
5 Conclusions
At steady-state concentrations, icosapent ethyl at the
approved dose of 4 g/day did not have an effect on the
single-dose pharmacokinetics of atorvastatin administered
at its maximal approved dose of 80 mg/day. Co-adminis-
tration of these drugs was safe and well tolerated in this
study of healthy adult subjects.
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Table 2 Pharmacokinetic parameters of atorvastatin and its metabolites in plasma following administration of atorvastatin 80 mg/day without
and with icosapent ethyl 4 g/day (pharmacokinetic analysis population; n = 26)
Analyte Parameter (unit)a Treatment
Atorvastatin 80 mg Atorvastatin 80 mg ? icosapent ethyl 4 g
Atorvastatin Cmax, ng/mL 52.7 (19.3) 57.1 (21.9)
AUC0–24, ngh/mL 179.8 (59.5) 184.3 (79.3)
tmax, h 1.00 0.50
2-Hydroxy atorvastatin Cmax, ng/mL 43.2 (18.8) 44.5 (17.4)
AUC0–24, ngh/mL 213.1 (73.0) 196.7 (77.0)
tmax, h 1.25 1.25
4-Hydroxy atorvastatin Cmax, ng/mL 4.1 (2.2) 4.2 (2.7)
AUC0–24, ngh/mL 36.7 (16.4) 34.3 (16.4)
tmax, h 1.50 1.50
AUC0–24 area under the plasma concentration-versus-time curve from time zero to 24 h, Cmax maximum observed concentration, tmax time of
observed Cmax
a Mean (SD) displayed for all pharmacokinetic parameters except tmax, which is displayed as median
Table 3 Statistical analysis of drug–drug interaction of atorvastatin and its metabolites following administration of atorvastatin 80 mg/day




















Analyte Atorvastatin 2-Hydroxyatorvastatin 4-Hydroxyatorvastatin


















AUC0-24 area under the plasma concentration-versus-time curve from time zero to 24 h, Cmax maximum observed concentration, CI confidence
interval, LSGM least-squares geometric mean
a LSGM derived from mixed models; LSGM ratios are provided for icosapent ethyl plus atorvastatin/atorvastatin alone
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